The role of altered activity of nuclear factor jB (NF-jB) in specific aspects of motivated behavior and learning and memory was examined in mice lacking the p50 subunit of the NF-jB/rel transcription factor family. Nfkb1-deficient mice are unable to produce p50 and show specific susceptibilities to infections and inflammatory challenges, but the behavioral phenotype of such mice has been largely unexamined, owing in large part to the lack of understanding of the role of NF-jB in nervous system function. Here we show that Nfkb1 (p50) knockout mice more rapidly learned to find the hidden platform in the Morris water maze than did wildtype mice. The rise in plasma corticosterone levels after the maze test was greater in p50 knockout than in wildtype mice. In the less stressful Barnes maze, which tests similar kinds of spatial learning, the p50 knockout mice performed similarly to control mice. Adrenalectomy with corticosterone replacement eliminated the differences between p50 knockout and wildtype mice in the water maze. Knockout mice showed increased levels of basal anxiety in the open-field and light/dark box tests, suggesting that their enhanced escape latency in the water maze was due to activation of the stress (hypothalamic-pituitary-adrenal) axis leading to elevated corticosterone production by strongly but not mildly anxiogenic stimuli. The results suggest that, as in the immune system, p50 in the nervous system normally serves to dampen NF-jB-mediated intracellular activities, which are manifested physiologically through elevated stress responses to aversive stimuli and behaviorally in the facilitated escape performance in learning tasks.
Introduction
The nuclear factor jB (NF-jB) family of transcription factors (p65, cReL, RelB, p50, and p52) is classically associated with the control of biological processes active in pathological settings such as inflammatory and innate immune responses (Ghosh et al., 1998) , immune dysfunction (Hayden and Ghosh, 2004) , and cancer (Aggarwal, 2004) . Recent studies have also implicated NF-jB in a broad spectrum of CNS functions ranging from development and synaptic plasticity to emotional learning and memory (O'Neill and Kaltschmidt, 1997; Albensi and Mattson, 2000; Yeh et al., 2002; Meffert et al., 2003; Wang et al., 2004; Meffert and Baltimore, 2005) . The NF-jB family consists of five different subunit proteins that pair to form homo-and heterodimers that recognize specific DNA sequences in cis-acting elements of target genes (Hayden and Ghosh, 2004) . Each monomer contains a Rel region through which it can bind to DNA and dimerize. Only three family members-p65 (RelA), cRel, and RelB-contain transcriptional activation domains (TAD) enabling them to induce transcriptional activity. In contrast, p50 and p52 lack a TAD and therefore form homodimers with no intrinsic ability to activate transcription, although they form transcriptionally active heterodimers in association with p65, cRel, and RelB.
The prototypical NF-jB heterodimer p65-p50 is sequestered in the cytoplasm through interaction with inhibitory IjB proteins. However, the constitutive presence of p50 has been detected in the nucleus of unstimulated monocytes and other cell types (Kang et al., 1992; Kaufman et al., 1992; Kaltschmidt et al., 1994) . Because p50 lacks a TAD, p50-p50 homodimers are thought to act predominately as repressors of gene expression in resting conditions (Ghosh and Karin, 2002; Zhong et al., 2002) . These transcription-repressive functions may serve to fine-tune NF-jB-directed immune and other responses. Indeed, the loss of this repressor function can be illustrated by the exaggerated cytokine response to LPS (Sha et al., 1995) and to IL-1b (Campbell et al., 2008) , relative to wildtype mice, observed in mice lacking the p50 subunit by virtue of genetic deletion of the Nfkb1 gene (Sha et al., 1995) , which encodes the precursor p105 and p50.
Although its function in the immune system is well characterized, comparatively little is known of the consequences of NF-jB
